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ABSTRACT 



A character display system is disclosed which provides 
displays of characters of variable size. A diddle raster 
scanning technique is used to display each character in 
its entirely before proceeding with the display of the 
next character. The size of the character is increased by 
increasing the size of the diddle raster scanned. In order 
to improve the appearance of larger point size charac- 
ters, each character stroke is repeated a number of times 
N, where N increases with increasing point size. 

A circuit (1 12) provides an indication of the size of the 
character to be displayed. This indication is used to 
address a ROM (146) which contains control informa- 
tion (D1-D5) therein. A portion (D2, D3, D5) of this 
information controls the size of the diddle raster 
scanned, and another portion (Dl) provides the number 
N indicating the number of times each character stroke 
is to be repeated. A viileo generator (114) generates a 
video signal on the basis of this number N and various 
character codes supplied to it. A third portion (D4) of 
the control information sets the intensity of the video 
signal in accordance with point size so that characters 
of different sizes have the same apparent brightness. 

8 Claims, 11 Drawing Figures 
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* . vv' ; ■ i .:;.:■ ! ■ requires the addition of little circuitry beyond that 

APPARATUS FOR : GENERATING DISPLAYS OF which has been utilized in the past. 

VARIABLE SIZE CHARACTERS it is therefore an object of the present invention to 

; . . . provide a character display system which is capable of 

BACKGROUND AND FIELD OF- THE 5 providing characters over a broad range of point sizes 

INVENTION .. . without varying the apparent quality of the character 

The present invention relates to image display sys- being displayed, 

terns, and more particularly to a system for displacing It is also an object of the present invention to provide 

characters by a diddle raster scanning technique a character display system which accomplishes the 

wherein the size of the characters being displayed may 10 display of characters of varying sizes without requiring 

be varied. the inclusion of additional character memory. 

Several techniques are currently in use to display it is yet another object of the present invention to 

characters on the screen of a cathode ray tube (CRT). provide a specific system for implementing the forego- 

One approach utilizes conventional television raster mg objects which is relatively inexpensive, and adds 

scanning techniques to scan the entire face of the CRT, 15 little complexity to the system, 

line by line, from the top to the bottom. This technique A system ^ therefore disclosed for displaying at least 

is widely used and has a number of mherent advantages Gne { of variable size on an - responsive 

Certain applications, however, require that the size of surface ^ tem indudes di k drcui for caus . 

the text being disphyed on the face of the screen be of . „ bcam tQ ^ scafl at ^ a ^ M ^ 

variable size. In ad layout systems and certain photo- » ng a plurahty of adjacent 

composition systems, for example, different portions of , r . . j * j- i . i * ■ 

the displayed text must be of Afferent point sizes. This ^l ay fokes in order to display a least one image on 

is not easily accomplished in a conventional raster scan- d,s P la y s f"*' circm * 18 '^luded for providing 

ning system, however. information for generating the strokes of the image to 

A second technique, sometimes referred to as diddle 25 be displayed. Another circuit supplies an indication of 
raster scanning, has been used in these applications. In t | ie size of the ima * e whlch 1S to be displayed. A deflec- 
this technique the display is generated on the screen by tion c <> nt ™l circuit varies the size of the raster scanned 
scanning one full character at a time. In other words, b y the energy beam in accordance with the indication of 
the electron beam is moved to a particular position on the size of ^ to be displayed, 
the screen, and then a single character field is raster 30 In accordance with the present invention, this system 
scanned at that positions so as to display an entire char- includes a circuit for causing the display circuitry to 
acter. The electron beam then proceeds to display, or repeat the display of each stroke of the image in a se- 
"paint'\ the next character, and then the next, arid so on lected number of adjacent display strokes, in accor- 
until all of the characters have been painted on the dance with the indication of the size of the image to be 
screen. When this technique is used, the size of the 35 displayed. The system is therefore capable of providing 
character may be changed by the simple expedient of display of images of varying size without degenerating 
varying the size of the minor raster which is scanned by the quality of the image thus displayed, 
the electron beam. This increases the size of the charac- 
ter field, and results in a corresponding increase in the BRIEF DESCRIPTION OF THE DRAWINGS 
size of the character being displayed. 40 The foregoing and other objects and advantages of 

The system described in Frederickson et a!., U.S. Pat the present invention will become more readily appar- 
No. 3,872,460, is an example of a system employing this ent from t he following description of a preferred em- 
latter technique. It was found, however, that the extent bodiment, as taken in conjunction with the accompany- 
to which a character could be increased in size by this m g drawings wherein* 

technique was limited: As the size of the character in- 45 FIG j is a re p reS entation of characters of different 

creased, the individual display strokes which made up mt ^ ^ th would ^ if dis layed in accor . 

the character moved somewhat further apart Since the dance with 

prior art techniques: 

electron bean, ma.nta.ned a constan cross sect.on as U.e nG . 2 is a representation of characters, also of vary- 

size of the character was varied, this increase in the . . 4 . ■ *V , , . . , tL t / 
separation between the strokes of the characters re- 50 'V S1Z f e ^ » ^ ^ m . *™**™<* Wlth the 
suited in the larger point size characters having a quite te *S? l f ° f the P re ^nt invention; 
disjointed appearance. . FIG. 3isa general block diagram of a system incor- 
porating the repeat stroking feature of the present in- 
SUMMARY OF THE INVENTION vention; 
It has been found that the disjointed appearance of 55 4 is a block diagram, of a specific system em- 
large scale characters can be avoided by repeating the P lo y m g the present invention; 

display of each stroke of a particular character. That is, . FI P- 5is a representation of the format in which data 

for characters up to a given point size; each stroke is ! s stor ed in the refresh memory of the system of FIG. 4; 

displayed only once. For characters above that size and FIG. 6 is a more detailed block diagram of the display 

below a second size, each stroke of the character is used 60 generator of the system shown in FIG. 4; 

to generate two adjacent display, strokes. For characters FI G- ? is a m .ore detailed block diagram of the video 

having sizes beyond the second limit, each stroke of the generator portion of FIG. 6; 

character is repeated three times. This, has the effect of FIG. 8 is a schematic illustration of the ramp genera- 
increasing the apparent thickness of each portion of the . tor portion of .FIG. 6; 

character being displayed. /The characters therefore 65 FIG, 9 is a block diagram of the diddle clock genera- 
appear more unified than in the past. This improves the .. tor, portion of FIG. 6; 

appearance of the display,, while increasing its readibil- .FIG. 10 is a timing diagram useful in understanding 

ity. Also, this technique is quite easily implemented, and the. operation of the circuit of FIG. 9; and 
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FIG. 11 is a graphical representation of the data con- 
tained on ROM 146 of FIG. 6. 

DETAILED DESCRIPTION 

FIG. 1 illustrates several characters as they would 
appear if displayed utilizing the minor, or "diddle" 
raster scanning techniques used in the aforementioned 
patent to Frederickson. The display of these characters 
would be carried out by causing the electron beam to 
scan back and forth over the character field in the Y 
direction, while causing the X position of the electron 
beam to less rapidly vary from the extreme left of the 
character field to the extreme right of the character 
field. The ratio of the speeds at which the X and Y 
scanning takes place would be such that ten vertical 
strokes would be completed during the interval in 
which the electron beam traverses from the left bound- 
ary of the character field to the right boundary of the 
character field. 

During this scanning the character is painted on the 
screen by modulating the intensity input into the cath- 
ode ray tube. The time interval necessary for the elec- 
tron beam to complete one vertical display stroke is 
broken up into twelve time segments, commonly known 
as pixels, and the intensity of the electron beam is se- 
lected to be either "on", or "off* during each of these 
time segments. The entire character is thus defined by a 
matrix having a height of twelve pixels and a width of 
ten strokes. 

FIG. 1(a) is an illustration of the character "W" hav- 
ing a point size (height) of 18 and a set width (width) 
also of 18. This character has a unified, complete ap- 
pearance due to the finite cross section of the electron 
beam. FIG. 1(6) represents the same character, as it 
would appear if displayed at a larger point size by sim- 
ply varying the size of the diddle raster being scanned 
by the electron beam. In FIG. 1(b), the size of the char- 
acter has been expanded to have a point size and set 
width of 96. The cross section of the electron beam, of 
course, will not vary as the size of the diddle raster is 
increased to increase the size of the character. Because 
of this, the character shown in FIG. 1(b) has a highly 
disjointed appearance. 

FIG. 2 includes four different point size representa- 
tions of the character W, and illustrates the manner in 
which the present invention corrects for the increasing 
size of the character by repeating the display of each 
stroke in the character. For characters having point 
sizes up to and including point size 24 (FIGS. 2(a) and 
2(b)) each stroke of the character is displayed but once 
(N= 1). For point sizes from point size 24 to point size 
48, each character stroke will be repeated so as to gen- 
erate two display strokes (N=2) (FIG. 2(c)). For char- 
acter sizes greater than point size 48, each stroke will be 
repeated three times (N = 3). In each case, the rate of X 
scanning is adjusted so that the character will be dis- 
played in the same size character field as it would have 
been if each character stroke were repeated only once. 
Thus, when N —2 the X scanning rate must be divided 
in half, and when N=3 it must be divided by three. 

As can be seen from FIGS. 2(c) and 2(d) , the net 
result of this is to increase the apparent thickness of 
each portion of the displayed character, and to effec- 
tively remove the disjointed appearance which had 
existed in the prior art. 

It will also be noted, however, that a transition in the 
apparent brightness of the characters being displayed 
occurs when the number of times each stroke is to be 
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repeated is changed. In other words a character of point 
size 24 provides a somewhat lighter appearance than a 
character of point size 30. This apparent difference in 
brightness between characters of differing point sizes 

5 can be compensated for by setting the intensity of the 
electron beam differently for different character sizes. 

There is illustrated in FIG. 3 on a block diagram of a 
system 10 incorporating the multiple-stroking feature of 
the present invention. The system 10 broadly includes a 

10 data entry and editing system 12 and a display system 
14. 

The data entry /editing system 12 as shown in FIG. 3 
as including a keyboard 16 for entering data into the 
system and for editing the data thus entered. Memory 

15 18 stores the data in a format convenient for display of 
the characters in a diddle raster scanning technique, and 
processor 20 controls the operation of the system. 

The data outputted to display system 14 includes 
character field position data indicating the position of 

20 the character field in which a character is to be dis- 
played, point size data indicating the size of the charac- 
ter which is to be displayed, and character codes indi- 
cating which character is to be displayed at the desig- 
nated position, and in the designated size. 

Within display system 14, the point size information is 
directed to a display control memory 22. Display con- 
trol memory 22 will preferably be a read only memory 
(ROM) having digital words stored at addressable loca- 

30 tions therein, with the address of each location corre- 
sponding to a particular point size. This memory repre- 
sents essentially a "look-up table", and is addressed by 
the point size data. The digital words stored in memory 
22 each include three types of information. 

35 One portion of the word accessed by the point size 
data represents control information for controlling the 
size of the raster which will be scanned in order to 
display the character. This raster control information is 
directed to the deflection control circuit 24 along with 

40 the character field position data supplied by data en- 
try/editing system 12. Deflection control circuit 24 
provides appropriate deflection control signals to a 
deflection yoke 26 associated with the CRT 28 in order 
to deflect the electron beam to the appropriate position 

45 on the screen 30 of the CRT, and to then initiate diddle 
raster scanning of the character field to display the 
particular character at that position. 

The second portion of the word accessed from dis- 
play control memory 22 by the point size data is a num- 

50 ber N which indicates to a video generator 32 the num- 
ber of times that the information defining each stroke of 
a character is to be used to generate display strokes, i.e., 
the number of times each stroke of a character is to be 
repeated. Video generator 32 responds to this number 

55 N, and to the various character codes supplied to it 
periodically from the data entry/editing system 12 to 
generate a video signal. The video generator 32 fetches 
the 12 bits of pixel information representing each stroke 
of the character being displayed from a character mem- 

60 ory 34. This information is then converted into serial 
form, and is transmitted to the intensity input 38 of CRT 
28 through the intensity control circuit 36. 

The third portion of the word accessed by the point 
size data is intensity information which is used by the 

65 intensity control circuit 36 to control the intensity of the 
video signal which is supplied by the video generator 
circuit 32. This intensity control signal sets the intensity 
of the video signal at a level selected to compensate for 
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the apparent change in the brightness of the signal with Information 1 stored in refresh memory 58 is preferably 

varying point sizes. stored in ia "line block" format, as generally described in 

More specifically, the intensity information is such the/aforementioned patent to Frederickson. Each line 

that the amplitude of the video signal will be greater for block contains information corresponding to an arbi- 

characters of point size 24 than it will be for characters 5 trary number of characters selected by the operator, 

of point size 25. By decreasing the intensity of the video Data is arrayed in this format in order to simplify edit- 

signal, the actual intensity of each display stroke of the ing operations. By accessing a particular line block, the 

characters of point size 25 will diminish, thereby effec- . operator is able to effect a change over an entire se- 

tively compensating for the apparent increase in bright- quence of characters, without the necessity of changing 

ness due to the doubling of the number of strokes in 10 the data associated with each character position. . 

each character. The data format is shown more specifically in FIG. 5, 

As was mentioned previously, the raster control in- . In this figure, refresh memory 58 is characterized as a 

formation supplied to deflection control circuit 24 from continuous string of memory locations, each memory 

display control memory 22 js interrelated with the value location containing a specific byte of data therein. Each 

of N, the number of times each stroke is to be repeated, 15 string of memory locations corresponding to a single 

such that the rate at which the electron beam moves in line block is separated into a "parameter string" which 

the X direction will be reduced whenever N is in- represents a fixed number of the first sequential words 

creased. Thus, for. example, point sizes above point size in the line block, and a "text string" which may be of 

48 will have an N factor of 3. Each stroke of the charac- arbitrary length, and which includes the character 

ter will therefore be repeated three time, arid the rate at 20 codes which are to be displayed in that line block. The 

which the electron beam travels in the X direction will . text string may also have various control and set up 

be reduced by a factor of 3 so that these strokes can be commands interspersed among the character codes, 

displayed in the same character field as they would The parameter string includes the information rieces- 

have been in the past sary to set up the display generator 66 to display that 

FIG. 4 is a block diagram of a specific system em- 25 line block. This parameter area includes X POS and Y 

ploying the present invention. In this figure, a number POS words which identify the area to which the elec- 

of devices are connected to a single address/data/con- tron.beam is to move on the face of CRT 64 before 

trol bus identified in the drawing as the "Q" bus. A painting the first character in the line block, and also 

microcomputer 50 (which may, for example, be an LSI includes such additional information as point size and 

11 microcomputer, manufactured by Digital Equipment 30 set width to identify the size of the characters which are 

Corporation) controls the operation of the system, and to be displayed. Also included in this parameter string is 

generally includes a central processing unit (CPU) 52 a two byte word which defines the length of the text 

arid a memory 54 which includes a program memory portion which is to follow. 

section 56 and a refresh memory section 58. The pro- In order to conserve memory, the functions of the 

gram memory section 56 stores all of the software for 35 particular elements of the parameter string are identi- 

controlling the operation of the system, whereas the fied by their position within the parameter string, rather 

refresh memory 58 stores the data which is being oper- than by added identification tags embedded therein, 

ated upon and which is being displayed on a display Display DMA 68 identifies these parameters by their 

device. A keyboard 60 is interfaced with the Q bus position, and then adds an identification tag comprised 

through a keyboard interface 62, and provides a means 40 of a four bit word immediately prior to each of the 

for entering data into the refresh memory; and for edit- parameters in the string. Each character will likewise 

ing the information which is already stored there. receive a tag identifying them as such. The parameters 

The information in refresh memory 58, as entered and and text/thus modified to include identification tags, are 

editted through keyboard 60, is continuously displayed serially transmitted to the display generator 36 which, 

on a cathode ray tube 64. The information in the refresh 45 in the system being described, is located remote from 

memory 58 is continuously outputted to a display gener- the refresh memory 58 and display DMA 68. 

ator 66 from a direct memory access circuit (DMA) 68. FIG. 6 is a more specific block diagram of the display 

DMA 68 operates to directly and sequentially access generator 66 of FIG. 4. Display generator 66 includes a 

the information stored in refresh memory 58, arid to data input circuit 100 which receives the data two bits 

supply this information to display generator 66. The. 50 at a time from DMA 68. The transfer of data between 

speed of this operation is such that the entire bulk of the the data input circuit 100 and the display DMA 68 is 

information displayed on the screen of the CRT is up- controlled by several control lines. The data input cir- 

dated sixty times per second. The editing of the infor- cuit 100 sends a READY signal to the display DMA 

mation of the refresh memory 58 through, keyboard 60 indicating that it is prepared to accept input data. The 

will be interspersed throughout this displaying process, 55 display DMA then places two bits of data on the data 

which takes place continously. input lines to date mput circuit 100,= and applies a pulse 

Other peripheral devices may also be connected to signal to the STROBE input. This pulse latches the data 

the Q bus, such as a floppy disc unit 70, a- paper tape in the data input circuit. In this fashion, data input cir- 

punch unit 72, and a paper tape reader 74. These devices cuit 100 builds up 16 bit words comprised of 12 bits of 

will be interfaced with the Q bus through appropriate 60 data and 4 bits of identification tab. The 16 bit words are 

interface circuits 76, 78, and 80. . loaded into a 64 word FIFO data register contained 

The manner in which these elements cooperate to within data input circuit 100. Data is fed into this FIFO 

enter data into refresh memory 58 is well known in the register from the display DMA, and the words stored 

art, and forms no part of the jpresent invention, per se. In therein are sequentially outputted to a data bus 102. 

order to simplify the description, theni these elements 65 . The 4 bits corresponding to the identification tag of 

will not be described in detail. For present purposes it each 16 bit word are directed to a one^of-sixtcen de- 

will suffice to describe theformat in which this bforma- coder 104 Which determines from these four bits which 

tion is stored in refresh memory 58: of 16 types of information is encoded in the remaining 
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12 bits associated with the 4 bit identification lag. De- distortion and other types of nonlinearities present in 

pending upon the number encoded in the identification the system, the deflection of the electron beam on the 

tag, decoder 104 will place an enable signal upon one of face 120 of CRT 122 is not linearally related to the 

a number of output lines. Registers 106, 108, 110 and amplitude of the deflection control signals which are 

112, as well as video generator 114 are each connected 5 supplied to the X/Y deflection yoke 124. Because of 

to the data bus 102, and each responds to a correspond- this, it is necessary to utilize a linearity correction cir- 

ing one of these register enable lines. cutt 126 to correct the amplitudes of the deflection 

When a word is present on the data bus which must signals so that the resulting deflection of the electron 

be transferred to an appropriate register, the data input beam on the face 120 of CRT 122 is, in fact, linearally 

circuit 100 provides a pulse on a STROBE output 10 related to the amplitudes of the major deflection signals, 

which is connected in common to the load control in- Linearity correction circuit 126 may take any conven- 

puts of each pf the register 106 through 12 and to video tional form. The corrected deflection signals present at 

generator 114. This data strobe signal causes the register the output of linearity correction circuit 126 are sup- 

which has been enabled by the appropriate output of plied to deflection amplifiers 128 and 130. The outputs 

decoder 104 to latch therein the information then con- 15 of amplifiers 128 and 130 are respectively connected to 

tained upon the data bus. In this fashion, information is the portions of X/Y deflection yoke 124 which produce 

loaded into the appropriate registers as it is presented deflection of the electron beam in the X, and Y direc- 

upon the data output bus 102 of data input circuit 100. tions. 

Data input circuit 100 includes circuitry for delaying In order to cause raster scanning of the character 

the occurrence of a strobe pulse under certain circum- 20 field upon arrival of the electron beam at the position on 

stances. If, for example, the data on the data bus repre- the face of CRT 122 identified by the major deflection 

sents a character code, then this data must be loaded signals Xm and Y^f, minor X and Y deflection signals 

into video generator 114. Video generator 114 can only are generated. Scanning motion of the beam in the X 

hold a limited number of character codes at any one direction is controlled by a ramp generator 132. Ramp 

time, however. When video generator 114 is unable to 25 generator 132 responds to an analog signal supplied by 

accept further character codes, a HOLD line is raised to a DAC 134 which is, in turn, derived from the set width 

a high logic level. This signal causes data input circuit commands supplied by the set width register 110. This 

100 to delay the strobe pulse until after the HOLD line analog signal will control the slope of a ramp generated 

once again drops low, indicating that video generator by ramp generator 132. The resulting ramp signal is 

114 is prepared to accept that new character code pres- 30 added to the major X deflection signal X^by an adder 

ent on data bus 102. 136 so that a composite X deflection signal is supplied to 

The time of occurrence of the strobe pulse must also the deflection amplifier 128 by the linearity deflection 

be selected to prevent changing display parameters circuit 126. 

during the actual painting of a character on the screen. This ramp signal causes the electron beam to scan in 

To this end, video generator 114 provides a CHARAC- 35 the X direction across the character fields in which 

TER DONE signal to indicate when it is in the process characters are being displayed. When characters are not 

of displaying a character. If the data on data bus 102 is being displayed (as, for example, when new set up com- 

a set up parameter (i.e., not a character code), than the martds are being supplied to the input registers 106 

strobe pulse must be delayed until after the CHARAC- through 114) the ramp generator is placed in mode 

TER DONE signal changes to a high logic level, indi- 40 wherein the analog signal provided at the output 

eating that the display of a character has been com- thereof does not change. This is necessary to insure that 

pleted. the character fields of sequential characters will be 

In order to allow data input circuit 100 to distinguish located substantially adjacent one another upon the face 

between these two conditions, the output of decoder 120 of CRT 122. The "hold" function is implemented 

104 which controls loading of video generator 114 is 45 by "ANDing" each of the bits of the set width word 

also connected to input circuit 100. If this line is high with a command generated by video generator 114. An 

(indicating that a character code is present on the data "AND" circuit 133 is provided for this function. In 

bus) than input circuit 100 monitors the HOLD line to order to reset the ramp generated by ramp generator 

determine when to provide the strobe pulse. When the 132 at the conclusion of display of a line block, or upon 

line is low, however, (indicating that something other 50 arrival at the boundary of the face of CRT 120, a reset 

than a character code is present on the data bus) input command will be supplied to ramp generator 132 from 

circuit monitors the CHARACTER DONE line in- the decoder 104 as a result of an identification tag asso- 

stead. ciated with a word at the output of data input circuit 

By this operation, the information associated with the 102. 

parameter string of each line block is loaded into regis- 55 In this system, the set width command which has 

ters 106-112 in order to set the operation of the display been loaded into set width register 110 has already been 

generator for displaying the characters associated with corrected for the N factor (i.e., the number of display 

that line block. In particular, X position register 106 and strokes per character stroke) through the operation of 

Y position register 108 are loaded with the X and Y CPU 52 (FIG. 4). This function could as easily be pro- 
coordinates (X POS, Y POS) of the character field 60 vided by a divide-by-N circuit at the output of set width 

which is to be displayed. These digital signals are con- register 110, however. 

verted into corresponding analog signals through digi- Raster scanning in the Y direction is accomplished 

tal to analog converters (DAC) 116 and 118. The out- through use of a diddle yoke 138 which is included on 

put signals provided by DACs 116 and 118 respectively the neck of CRT 122 in order to predeflect the electron 
correspond to the X and Y major deflection signals Xm 65 beam prior to its arrival in the main deflection yoke 124. 

and Ym, and define the position on the face 120 of CRT This diddle yoke will produce the rapid scanning of the 

122 to which the electron beam will move before initiat- electron beam back and forth between the upper and 

ing the raster scanning of characters. Due to pincushion lower extremes of the character field in the Y direction 
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in order to produce -raster, scanning of the character 
fields. A diddle yoke driver 14fi ► .controls the operation 
of the diddle yoke 138. Diddle yoke driver 140 may take 
any conventional form, and could, for example/ have 
the form illustrated in the copending application of 5 
Charles White, U.S. Ser. No. 909,217, now U.S. Pat. 
No. 4, 180,765, issued Dec. 25, 1979. . 

The amplitude of. the raster scanning in the Y direc- 
tion, and thus the point size of the character being dis : 
played, is controlled by controlling the frequency of a 10 
diddle clock supplied by a diddle clock generator 142, 
and by controlling the magnitude of the supply voltage 
from which diddle yoke driver 140 operates. This sup- 
ply voltage is derived from a controlled voltage source 
144. 15 

The information necessary to control the operation of 
these two factors, and thus the operation of diddle yoke 
driver 140, is derived from a read only memory (ROM) 
144 which is addressed by the point size information 
contained in point size register 112. This memory corre- 20 
sponds to display control memory 22 of FIG. 3. The 
digital information appearing at the output of ROM 144 
comprises five separte pieces of information. 

One portion (D5) controls the operation of voltage 
supply 144. The digital information D5 is converted 25 
into an analog signal by DAC 148. The resulting supply 
voltage control signal is linearity-corrected through a 
multiplier 150 which multiplies the control voltage by a 
linearity correction voltage supplied by linearity-cor- 
rection circuit 126. The resulting linearity-corrected 30 
control voltage is amplified to the appropriate power 
level by voltage supply 144, and is then directed to the 
voltage supply input of diddle yoke driver 140. 

Two other portions of the digital information (D2 
and D3) control the operation of pixel clock generator 35 
152 and diddle clock generator 142. The digital signal 
D2 directly controls the frequency of operation of a 
programmable frequency generator 152 which supplies 
at its output a pixel clock signal whose purpose will 
become clearer as the disclosure is more fully made. 40 
This pixel clock signal clocks the operation of diddle 
clock generator 142, so that the operation of the diddle 
clock supplied at the output thereof will be synchro- 
nous with the pixel clock provided by clock generator 
152. The time duration of a diddle clock cycle (in num- 45 
bers of pixel clock cycles) is controlled by the digital 
signal D3. 

The relationships between the pixel clock generated 
by programmable frequency generator 152, and the 
sync and diddle clock outputs of diddle clock generator 50 
142 will be described in greater detail with reference to . 
FIGS. 9 and 10. For now, it will suffice to say that the 
diddle clock generator 142 provides a video sync pulse 
at the beginning of each display stroke, and that the 
diddle clock, rate is such that each display stroke will 55 
always be 12 pixel clock cycles in duration. 

A fourth output (Dl) of ROM 146 specifies the num- 
ber of times N that each stroke of the character is to be 
repeated before proceeding with the display of the next 
stroke of the character. The fifth output (D3) of ROM 60 
146 is connected to an ; intensity control circuit 154 in 
order to set the intensity of the video signal which is 
supplied to the intensity control input 156 of CRT 122. 
As mentioned previously, this is done so that the char- 
acters being displayed will* be. of substantially uniform 65 
apparent brightness, regardless of point size. : 

These five digital words bl-D5 control, with two 
exceptions, all of the functions necessary to control the 
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size of the character displayed on the face 120 of CRT 
122. The two exceptions, are the Y position and set 
width commands. Both of these will vary with point 
size and, in : the system being described, both will have 
already been modified in the necessary manner before 
reaching display generator 66. The manner in which the 
set width command is altered through the operation of 
CPU 52 has been described previously, and will not be 
repeated here. CPU 52 will also modify the Y position 
commands stored in refresh memory 58 by adding a 
baseline offset signal thereto. This is necessary because 
the number loaded in the Y position register 108 will 
control only the Y centerline of the character displayed. 
Thus; if characters of different point sizes are to be 
displayed on a common baseline, an offset signal (which 
will vary directly with point size) must be added to the 
Y position signal. This could also be accomplished by 
storing a baseline offset word in ROM 146 to also be 
addressed by the point size word, and by then adding 
this to the Y position signal. 

The point size of the displayed character will, how- 
ever, be adjusted primarily by changing the word con- 
tained in point size register 112. This will address the 
proper information D1-D5 to display characters of the 
correct size. The manner in which these signals D1-D5 
vary with point size is shown graphically in FIG. 11. 

The video signal is generated by video generator 114, 
which is shown in greater detail in FIG. 8. The video 
generator 114 generally includes a character code latch 
200, an address counter 202, a character, or "font", 
memory 204, a parallel-to-serial convertor 206, and 
assorted control circuitry generally indicated at refer- 
ence numeral 208. 

The character code appearing on the data bus 102 
(FIG. 6) are loaded into the character code latch 200 
whenever one of the strobe pulses provided by data 
input circuit 100 is gated to the character code latch by 
AND gate 210. AND gate 210 will pass these pulses to 
the character code latch 200 only when a load enable 
signal derived from one of the outputs of decoder 104 
(FIG. 6) is high, indicating that a character code is 
available on the data bus. The information thus loaded 
in the character code latch 200 will eventually be 
loaded into an address counter 202 in order to address a 
character memory 204. 

Character memory 204 has 12 bit words stored 
therein, with the 12 bits of each word corresponding to 
the twelve pieces of pixel information which go to make 
up a single stroke of a character. The ten strokes associ- 
ated with each character are stored in character mem- 
ory 204 in sequential locations, so that the first stroke of 
successive characters will be separated by ten addresses 
of character memory 204. 

The character codes utilized to identify the particular 
characters which are to be displayed could simply rep- 
resent the address of the first stroke of that character in 
character memory 204. This would result in an unneces- 
sarily lengthy character code, however, since the start- 
ing address of each character is separated by ten address 
positions from the next character code starting address. 
It is therefore preferable that the character codes repre- 
sent the starting address of the character within the 
memory, divided by ten. In this fashion, the actual char- 
acter code address can be derived simply by multiplying 
the character code by ten, yet waste due to unused 
numbers between . sequential character codes is pre- 
cluded. In order to derive the address of the character 
within character memory 204 from the character code, 



03/05/2004, EAST Version: 1.4.1 



then, a multiply-by-ten circuit 212 is provided between 
the character code latch 200 and the address counter 
202. The signal which is loaded into address counter 
202, therefore, exactly corresponds to the address of the 
first stroke of the character identified by the character 5 
code which had been stored within latch 200. 

This address accesses the 12 bit word containing the 
pixel information for the first stroke of that character 
from character memory 204. The 12 bit word thus ad- 
dressed is loaded into parallel-to-serial converter 206, 10 
and then shifted out as a serial bit stream at a rate deter- 
mined by the pixel clock. As stated previously, this pixel 
clock will be tied in with the speed of the diddle clock 
so that the 12 pixels of the stroke are evenly distributed 
along a single vertical display stroke. As the pixel bits 15 
are shifted out of parallel-to-serial convertor 206, zeros 
are loaded into the serial input thereof. Consequently, 
the video output will remain low after all 12 pixels bits 
have been shifted out, unless a new word is loaded into 
convertor 206 from character memory 204. 20 

The appropriate control and timing signals for estab- 
lishing this mode of operation are provided by the con- 
trol circuitry 208. This circuitry responds to a video 
sync signal derived from the diddle clock generator 
142. As stated previously, this sync signal comprises a 25 
train of pulses, with each pulse identifying the initiation 
of a new display stroke. This signal controls the loading 
of parallel-to-serial convertor 206 through an AND 
gate 214, which disables the loading of a new character 
stroke into convertor 206 whenever the display of the 30 
previous character has been completed, unless a new 
character code has been received. Consequently, if no 
new character code is received, convertor 206 will not 
be loaded with new pixel information and the video 
signal will remain at a low, or "off* level. 35 

The sync signal is also supplied to a divide-by-N 
counter 216 to which the number N from output Dl of 
ROM 146 (FIG. 6) is also directed. Circuit 216 will 
provide one output pulse for each N sync pulses re- 
ceived at its input The output of divide-by-N counter 40 
216 is directed to the "count" input of address counter 
202, and also to the "count" input of the decade counter 
218. Because of the connection between divide-by-N 
circuit 216 and counter 202, the address in address 
counter 202 will be incremented each N sync pulses. 45 
The parallel-to-serial convertor 206 will therefore be 
loaded N times with the same stroke information sup- 
plied by character memory 204, before the address 
counter 202 is incremented to address the next charac- 
ter stroke. Consequently, the display of each character 50 
stroke is repeated N times. 

Decade counter 218 controls the reloading of address 
counter 202 with the address of a new character when 
all ten character strokes of the previous character have 
been displayed. Upon counting to ten (indicating that 55 
the address counter has been incremented ten times), 
the output of decade counter 218 will shift to a high 
logic level, and will remain there until reset. An AND 
gate 220 prevents the loading of address counter 202 
unless character code latch 200 has previously been 60 
loaded with the new character code. A set/reset flip- 
flop 222 provides an output signal indicative of this. 
This flip-flop will be set whenever character code latch 
200 is loaded, and will be reset whenever address 
counter 202 is loaded. If character code latch 202 has 65 
been loaded with a new address code, then the Q output 
of flip flop 222 will be high. When the output of decade 
counter 218 shifts to a high logic level, then the result 
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will be a high logic level at the output of AND gate 220. 
After a delay introduced by delay circuit 224, this signal 
will produce the loading of address counter 202, the 
resetting of flip flop 222, and the resetting of decade 
counter 218. 

The output of decade counter 218 is also directed to 
AND gate 214 through an invertor 226. The output 
signal of invertor 226 will be high only when a charac- 
ter is being displayed (i.e., when the address counter 202 
has been incremented fewer than ten times). Conse- 
quently, when a full character has been displayed but no 
new address has been loaded into address counter 202 
the output of invertor 226 will remain at a low logic 
level. AND gate 214 will therefore disable the sync 
signals from reloading convertor 206. 

The video generator 114 shown in FIG. 7 provides 
several output signals to other places in the display 
generator 66, as illustrated in FIG. 6. The output of 
decade counter 218 is connected to the CHARACTER 
DONE input of data input circuit 100 through a suitable 
delay circuit 227. As stated previously, this signal inhib- 
its the updating of display parameters during the paint- 
ing of a character on the screen. In the event that the 
next signal on data bus 102 is not a character (i.e., is a 
display parameter) then the strobe output signal of data 
input circuit 100 will be disabled until the completion of 
the character being displayed. The strobe signal will 
thus be generated only upon the completion of display 
of the particular character. 

This signal from delay circuit 227 is also directed to 
AND circuit 133 in order to prevent the ramp generator 
from increasing the magnitude of the ramp during those 
intervals in which a character is not being displayed. 
This is done in order to insure that sequential characters 
will be displayed in adjacent character fields on the 
screen. 

Another control signal derived from video generator 
114 represents the HOLD input of data input circuit 
100. This signal, taken from the output of flip-flop 222, 
indicates to data input circuit 100 that the character 
code latch 200 already contains a new character to be 
displayed, and cannot hold any further characters. In 
the event that a character is present on data bus 102, 
then, the strobe output of data input circuit 100 will be 
disabled until the hold signal indicates that the contents 
of the character code latch 200 have been loaded into 
address counter 202, so that character code latch 200 is 
once again available to receive a new character code. 

The ramp generator circuit 132 (FIG. 6) is shown in 
schematic form in FIG. 8. This ramp generator circuit is 
of conventional design and generally includes an opera- 
tional amplifier 250 having a capacitor 252 connected 
from the output to the negative input thereof; The de- 
sired ramping signal is generated simply by applying a 
constant voltage level to the voltage input V/#. The 
slope of this ramp signal will be dependent upon the 
magnitude of the voltage V/m derived from DAC 134. 
This circuit also includes an analog switch 256 which is 
responsive to the reset signal supplied by one-of-sixteen 
decoder 104. Analog switch 256, which is connected 
across capacitor 252, is normally open so that a charge 
is permitted to build up on capacitor 252. When a reset 
signal is provided thereto, however, analog switch 256 
will close, thus completely dissipating the charge stored 
on capacitor 252 and resetting the ramp. 

FIG. 9 provides a more detailed illustration of the 
diddle clock generator 142 of FIG. 6. This diddle clock 
generator includes a toggle flip-flop 268 which provides 
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the diddle clock output signal. This toggle flip-flop is 
clocked whenever a programmable counter. 270 over* 
flows. The count input of programmable counter 270 is 
derived from the pixel clock provided by block genera- 
tor 152 (FIG. €). . ; : '' : " : 'f-: 5 

The number of pixel clock cycles required to produce 
an overflow from programmable counter 270 is deter- 
mined by a digital word inputted to programmable 
counter 270 from a . 2-tof- 1 multiplexer 272. 2-to-l multi- 
plexer 272 will provide one of two. digital words to 10 
programmable counter: 270, dependent upon the state of 
toggle flip-flop 2*58. When the output of, toggle flip-flop 
268 is in at a low logic, level, then, the input to program- 
mable counter 270 from multiplexer 272 will be a fixed 
digital word, supplied from a "set low time' ' circuit 274. tS 
In the figure, this digital number is set. at ten, so that 
programmable counter 270 will count ten pulses of the 
pixel clock before overflowing. Upon this occurring, 
the output of toggle flip-flop 268 will shift from a low to 
a high logic level, causing 2-tc-l multiplexer 272 to 20 
instead connect a portion of the D3 output of ROM 146 
(i.e., D3<*), (FIG| 6) to the program input of program- 
mable counter 270. This number will control the num- 
ber of pixel clock cycles for which toggle flip-flop 268 : 
remains in the high state; 25 

This may be more readily understood with reference 
to FIG. 10, which includes timing diagrams representa- 
tive of a particular pixel clock rate. In this figure, the 
diddle clock is low for ten clock cycles, due to the 
operation of a "set low time" circuit 274. The pro- 30 
grammed "high" time of the diddle clock, however, is 
set in this example at five pixel clock cycles. The num- 
ber of pixel clock cycles which are required to trigger 
flip-flop 268 to a low state must vary with point size, 
since the retrace time (T\) will be essentially constant, 35 
regardless of the low time of the diddle clock. 

As stated previously, diddle clock generator 142 also 
provides a video sync output signal to video generator 
114 to indicates that a new display stroke has been initi- 
ated. This sync signal must occur at the beginning of the 40 
linear portion of the current ramp through diddle de- 
flection yoke 138, and will always occur a fixed time 
interval T2 following the rising edge of the diddle clock 
since the retrace time Ti of the diddle deflection yoke is 
substantially constant. The number of pixel clock cycles 45 
in this interval will vary, however, due to the variable 
rate of the pixel clock. Diddle clock generator 142 thus 
includes a second programmable counter circuit 276. A 
program input to this circuit is also derived from a 
portion of the D3 output of ROM 146 (i.e., D36), This 50 
input signal indicates the number of pixel clock cycles 
which must occur between the rising edge of the diddle 
clock and the sync pulse. The counter is clocked from 
the pixel clock supplied by clock generator 152 and is 
reset by the rising edge of the diddle clock signal so that 55 
only those pulses following that rising edge will be 
counted. 

Apparatus has thus been described which accom- 
plishes the display of characters of variable size. In 
order to retain the form of the character being displayed 60 
as the size is increased, each character stroke is repeated 
a selected number of times. For point sizes up to and 
including a point size of 24, each character stroke is 
used to generate only a single display stroke. For point 
sizes above point size 24, up to and including point size 65 
48, each of the character strokes is repeated twice so 
that twice as many display strokes as character strokes 
exist. For point sizes above point size 48, each character 
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stroke is repeated three times so that the number of 
display strokes will be three times as: great as the num- 
ber of character strokes. . The particular point sizes at 
which these transitions . occur, and. the number of 
strokes; associated with each, point size is largely arbi- 
trary, however, and. does not represent a limitation of 
the present invention. In addition, of course, the appara- 
tus which may be utilized to carry the invention into 
practice is in no way limited to the specific apparatus 
disclosed herein. 

Therefore, although the invention has been described 
with respect to a preferred embodiment, it will be ap 
preciated that any number of alterations and rearrange- 
ments of parts may be made without departing from the 
spirit and scope of the invention, as defined in the fol- 
lowing claims. • • - . 

What is claimed is: 

1. Apparatus for controlling an energy beam to paint 
a plurality of variable size characters on an energy re- 
sponsive surface one at a time, comprising: 

raster scanning means for causing the energy beam to 
separately raster scan each of the portions of the 
energy responsive display surface upon which the 
individual characters are to be displayed by scan- 
ning a plurality of adjacent display strokes in each 
portion, with the raster scan of each portion being 
completed before scanning of the next portion has 
begun; 

raster control means responsive to raster control 
signals to vary the length of and separation be- 
tween said display strokes; 

means responsive to a video signal for controlling the 
intensity of said energy beam as said beam raster 
scans each of said portions of said display surface 
so as to thereby display said characters on the re- 
spective said portions of said surface; 

means for providing information representing the 
individual strokes to be displayed to generate se- 
lected characters; 

video signal generating means for generating a video 
signal from said individual stroke information in 
synchronism with the raster scanning, and includ- 
ing means for repeating the information of each of 
said individual strokes a selected number of times 
N in said video signal so that said information for 
each of said individual strokes is displayed in a 
selected number N of adjacent display strokes on 
said portion of said display surface; 

means for providing an indication of the size of said 
image to be displayed; and 

means responsive to said indication for providing said 
raster control signals and said selected number N in 
accordance therewith. 

2. Apparatus as set forth in claim 1, and further com- 
prising means for setting the intensity of said video 
signal in accordance with said indication such that said 
images displayed by said apparatus have a substantially 
uniform apparent brightness independently of the size 
of the displayed image. 

3. Apparatus as set forth in claims 1 or 3, wherein said 
means for providing information representing the indi- 
vidual strokes to be displayed to generate a selected 
image comprises character memory means having a 
plurality of words stored therein, each of said words 
representing pixel information for generating a single 
stroke of one of a plurality of characters, and means for 
addressing said memory with character codes indicat- 
ing which of said plurality of characters is to be dis- 
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played so as to recover from said memory the words 
corresponding to the character strokes thereof. 

4. Apparatus as set forth in claim 3, wherein said 
video signal generating means comprises means for ^ 
utilizing each of said words of pixel information to 
generate the video signals for a plurality of adjacent 
display strokes whereby each of said character strokes 

is used to generate a number N of adjacent display 
strokes. 10 

5. Apparatus as set forth in claim 1, wherein said 
selected number N increases with increases in the size of 
said image to be displayed. 

6. Apparatus as set forth in claim 1, and further com- 
prising means for causing said raster scanning to occur 15 
at selected different places on said display surface 
whereby a plurality of images of differing sizes may be 
displayed on said display surface. 

7. A method of displaying variable size characters in 2Q 
a system in which the characters are painted on an 
energy responsive surface one at a time by causing an 
energy beam to raster scan only the minor portion of the 
display surface in which that character is to be dis- 
played, comprising the steps of: 25 

selecting the size of a character to be displayed; 
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providing information for controlling the intensity of 
said energy beam during individual strokes in the 
minor raster scan to provide a pattern of character 
strokes on the display surface which collectively 
represents said character; and 
utilizing that information to display a character of the 
selected size by selecting an integer N related to 
said selected size, using the information corre- 
sponding to each character stroke to control the 
intensity of the energy beam during N adjacent 
strokes in the raster scan and setting the size of the 
minor raster being scanned so that the resulting 
character has the selected size. 
8. The method of claim 7, wherein the step of utiliz- 
ing the information includes the step of selecting the 
number N of adjacent strokes in the minor raster scan in 
which the information for each character stroke is to be 
repeated, with N having at least first and second values, 
said first value being selected for character sizes be- 
tween first and second limits, and said second value 
being selected for character sizes between said second 
limit and a third limit, said character size variations 
between said first and second, and second and third 
limits being accomplished by varying the size of the 
minor raster being scanned, without changing N. 
***** 
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